
.. - - .  

SUiviiviARY OF MODEL-S'U'PFORT INTERFERENCE PRGBLEltlS 

Bain Dayman, Jr. A 

> U - (PAGES) (CODE) - - 
u 

ICATEGORY) 

- z 
(NASA ck OR TMX OR AD NUMBER) 

fLx4- z 
Robert  E. Covey, Chief d- 
Aerodynamic Faci l i t ies  Seytion 

P a p e r  to be presented at the 

19th Semiannual Meeting of 

the Supersonic Tunnel Asso-  

ciation to be held in  Ottawa, 

Canada on May 16-17, 1963. 

J e t  Propulsion Laboratory 

California Institute of Technology 

Pasadena, California 

1 



ABSTRACT 

Lately, an increasing amount of attention is  being given to 

aerodynamic measurements  which can be  mater ia l ly  affected by the 

base flow conditions. Examples of such measurements  a r e :  total drag 

of s lender  bodies, t r i m  angle of blunt bodies, dynamic stability in pitch, 

base  p r e s s u r e  and heating, and wake propert ies .  In many instances of 

model testing, the measurements  of cer ta in  aerodynamic charac te r i s -  

t ics  a r e  not applicable to the actual flight conditions of interference-free 

flow. 

e r a l  knowledge, this would be a good opportunity to remind everyone of 

i t s  importance as data have been released recently which may  be in  e r r o r  

due to support-interference.  

Although the existence of the support-interference problem is gen- 

INTRODUCTION 

It is not the intent of this paper to go into the subject of support-  

interference problems,  but ra ther  to emphasize that such problems gen- 

e ra l ly  exis t  during conventional "captive" tes ts .  The usual evaluation of 

the data f rom such tes t s  tends toward the assumption that support- 

interference is negligible. This is not the conservative approach. 

c a s e s  of such testing, i t  is imperative that the effects of support- 

interference on the data be considered substantial until shown to be other-  

wise.  F o r  the purpose of illustrating the possible existence of support  

interference,  a fa i r ly  complete discussion on the effects of small wire  

supports  upon the wake separation region follows. 

point out that one should not a rb i t ra r i ly  rule out the presence of support-  

interference effects until i t  has  been conclusively shown that they a r e  

negligible. 

In all 

This i l lustration should 

DIS CUSS I ON 

A s  it is generally recognized that the presence of a sting, no ma t -  

t e r  how feasibly small, is likely to affect base  p r e s s u r e  and base  heating, 

the use  of side-mounted o r  wire-supported models i s  usually relied upon 

i n  o r d e r  to Dbtain essentially disturbance-free measurements  in the base  
a 
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reg ion .  During the development of the free-fl ight testing technique in the 

Je t  Propulsion Laboratory (JPL) continuous wind tunnels (Ref. 1),  i t  was 
observed that the small  diameter  wires (used  to support the models pr ior  

a 
* -  LU *Le:.. L l l c A L I  f ree-f l ight  t ra jector ies)  usually had a significant effect upon the 

shape of the wake separation region. 

use of e i ther  side-mounts o r  wires  to support  a model in o rde r  to obtain 

in te r fe rence- f ree  base  region measurements  is not necessar i ly  an ade-  

quate approach. 

This s e r v e s  to demonstrate that the 

Concurrent with the acquisition of free-fl ight model-wake spark-  

schl ieren pictures  (Ref. 2),  interference effects of sma l l  diameter wire  

supports ( 0  to 370 of model diameter) upon the separation region shape 

was investigated fo r  spheres  and various cone models through the Mach 

number (M) range f r o m  M = 1. 3 to M = 5 and f o r  severa l  cones a t  

M = 9. The presence  of a single t r ave r se  ver t ical  wire  support did 

noticeably a l t e r  the sphere  separation region shape a t  1. 3 < M < 5. Spark 

schl ieren pictures  a t  M = 3 in  F ig .  l a  indicate this typical interference 

effect. 

flight) to 0 .  040 in. , the position of the wake neck moved toward the sphere,  

F igu re  lb is a graphical presentation of this wake interference phenomenon 

a t  s eve ra l  Reynolds numbers;  the definition of the charac te r i s t ic  wake 

length, L, being shown in  Fig. IC. F r o m  these resu l t s  i t  appears  that any 

wire  capable of supporting a sphere will a l t e r  the wake. 

A s  the d iameter  of the vertical  wire  was increased  f r o m  0 ( f r e e -  

a 
In Fig. la the schl ieren pictures indicate that the flow field in the 

plane of the wire  support  has  no obvious major  disturbance due to the wire.  

As can  be seen in Fig.  2, the flow field in  the plane normal  to the wire  

support  is severely disturbed by the presence  of the wire.  

not surpr i s ing  that a seemingly insignificant wire  support  can mater ia l ly  

a l t e r  the wake shape. 

Hence, i t  is 

A similar interference investigation was c a r r i e d  out for 30-deg 

included-angle cones a t  1 .6  < M < 4 . 7 .  

be a strong effect  of the support wire (about 270 of the cone diameter) on 

the shape of the separation region for the high Reynolds number condition 

(F ig .  3a). 
w a s  definitely !arninar to beyond the neck region, the presence  of the wire  

support  did decrease  the distance of the wake neck to the model. However, 

at M > 2,  the effect  of the wire  support was quite pronounced a t  high a s  

A t  M I  2, there  did not appear  to 

But a t  the lower Reynolds numbers ( <  2 x lo5)  when the wake 

and 



well a s  a t  low Reynolds numbers;  a typical example a t  M = 4. 7 being 
shown i n  Fig.  3b. 

support moved the wake neck toward the cone base.  
M = 9 in the JPL 21-in. hypersonic wind tunnel show that the normaiiy 

convergent wakes of free-fl ight cone models become divergent when the 

1 1/2-in.  diameter  models a r e  supported on a single t r a v e r s e  0. 024-in. 

diame t e r wire.  

As i n  the case  of the sphere,  the presence of the wire 

Investigations a t  

a 

Sketchy experimental  evidence indicates that when the model bound- 

a r y  layer  i s  turbulent, the presence of a wire support does not mater ia l ly  

a l t e r  the shape of the wake separation region. This has  been observed a t  

M = 4 fo r  blunted cones of nose radius to base  radius ra t ios  of 0. 05 and 

0. 50. At M = 1 .6  and M = 2, when the wire support did not a l t e r  the wake 

separat ion region of the 30-deg apex angle cone, the shape of the separation 

region of these models was the same whether o r  not the model boundary 

l aye r  w a s  laminar  o r  turbulent (obtained by tripping the boundary layer) .  

A fur ther  word of caution pertains to outside disturbances in the wake 

which may  propagate forward to the model base region. 

flight models,  an object in the wake o r  a shock-wave (ref lected model bow 

shock o r  f r o m  some other source  such as a sabot) intersecting the wake, 

not far enough downstream of the model, may a l t e r  the base  region flow 

field. 

in Ref .  1. A t  M = 1. 3 when a 1 1/2-in. diameter  sphere  was used in the 

JPL 20-in. supersonic wind tunnel, the bow shock intersected the wake about 

two d iameters  downstream f r o m  the base.  This interference caused a 470 

dec rease  in  the measured  drag coefficient relative to ball ist ic range data. 

When the bow shock intersected the wake five o r  m o r e  diameters  f rom the 

b a s e ,  the measured  drag coefficients were within 1% of ball ist ic range 

data. A s imi la r  decrease  in the drag coefficient has  been observed on 

sting-mounted spheres  (Ref. 3 ,  Appendix), when the bow shock wave in te r -  

s ec t s  the wake too near  the model. 

Even fo r  f r ee -  

a 
Drag coefficients of spheres  were  measured  during the work descr ibed 

F r o m  the support-wire wake-interference s tudies ,  i t  has  been shown 

that such a manner  of supporting models is likely to cause incor rec t  base  

flow conditions. 

seemingly negligible support ,  will not a l te r  the model base  flow under the 

par t icu lar  conditions being investigated, this should be demonstrated to be 

Even if i t  is suspected that a wire  support, o r  some other 
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the case and not just  be assumed. 

wake must  be kept f a r  enough downstream, in o rde r  that i t  does not propa- 

gate forward to the model and a l te r  the base  region flow field. 

Also, any outside disturbance in t h e .  
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Fig. 1. Effect of diameter of vertical wire support on sphere wakes 
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Supply pressure  : 150 cm Hg 
R D ~  = 5.3  x l o 3  
Model diameter = 1 1 / 2  in. 
Wire diameter = 0.  020 in. 

Wire orikntation 

No wire 

Horizontal 

Vertical 

Both horizontal 
and vertical 

Fig. 2.  Effect of support wire orientation on sphere wakes 



30-deg apex angle 
Model diameter = 1 1 / 2  in. 
W i r e  diameter = 0.026 in. 

(4 
M = 2 . 0  

Supply p res su re  = 140 cm Hg 

= 8 x l o 5  
RD, 

(b) 

M = 4.7 

Supply p res su re  = 330 cm Hg 

= 4 .5  105 
RD, 

Fig. 3 .  Effect of wire support on cone wakes  
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